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(57) ABSTRACT 

A thermoelectric converting element is constituted of an 
N-type Semiconductor region, a P-type Semiconductor 
region and metal interconnections. The N-type Semiconduc 
tor region is formed simultaneously with an in impurity 
region and an in impurity region of a transistor in an element 
forming region. The P-type Semiconductor region is formed 
Simultaneously with a p impurity region and a p" impurity 
region of another transistor. In addition, the interconnections 
in the thermoelectric converting element are formed Simul 
taneously with a metal interconnection connected to the 
transistor. Thus, a Semiconductor device can be obtained, in 
which cooling effect can be readily achieved without 
increasing production cost. 

6 Claims, 11 Drawing Sheets 
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SEMCONDUCTOR DEVICE WITH 
THERMOELECTRIC HEAT DISSIPATING 

ELEMENT 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to a Semiconductor device, 
and in particular, to a Semiconductor device in which tem 
perature increase in operation is Suppressed. 

2. Description of the Background Art 
Recently, a Semiconductor device of high performance 

has been demanded to meet various needs. Accordingly, an 
effort is being made to manufacture a Semiconductor device 
of Smaller size, higher density and higher integration. AS the 
Size of the Semiconductor device is made Smaller, an amount 
of heat produced from the same in operation has increased. 
When the amount of produced heat increases and a 

temperature of the Semiconductor device is raised, the 
Semiconductor device would fail to perform a desired opera 
tion. Therefore, the semiconductor device is provided with 
a measure to dissipate heat or control temperature. Typically, 
for example, a heat radiating fin is attached, or a cooling fan 
is provided to the semiconductor device, to forcibly cool the 
SC. 

A conventional Semiconductor device, however, has had 
a disadvantage as described below. AS mentioned above, 
though cooling of the Semiconductor device has been 
achieved by attaching a heat radiating fin and providing a 
cooling fan, it is becoming difficult to obtain Sufficient 
cooling effect as the Semiconductor device is made Smaller. 
In addition, Since the heat radiating fin and the cooling fan 
are additional members, providing the same has caused an 
increase of production cost. 

SUMMARY OF THE INVENTION 

The present invention was made to solve the above 
mentioned problems. An object thereof is to provide a 
Semiconductor device in which cooling effect can readily be 
obtained without increasing production cost. 
A Semiconductor device according to an aspect of the 

present invention has a prescribed element, a conductive 
region and a thermoelectric converting element. The pre 
Scribed element is formed in a prescribed region on a main 
Surface of a Semiconductor Substrate, and includes an impu 
rity region of a first conductivity type and an impurity region 
of a Second conductivity type. The conductive region is 
electrically connected to the prescribed element. The ther 
moelectric converting element is formed on the main Surface 
of the Semiconductor Substrate, has one end Side arranged in 
the vicinity of the prescribed region to absorb heat produced 
in operation of the prescribed element, and has the other end 
Side arranged in a region producing Smaller amount of heat 
among regions of the Semiconductor Substrate. The thermo 
electric converting element includes a Semiconductor region 
of the first conductivity type and a Semiconductor region of 
the Second conductivity type, a first interconnection portion, 
a Second interconnection portion and a third interconnection 
portion. The Semiconductor region of the first conductivity 
type and the Semiconductor region of the Second conduc 
tivity type are respectively formed on the main Surface of the 
Semiconductor Substrate, extending from the vicinity of the 
prescribed region to the region producing Smaller amount of 
heat. The first interconnection portion is electrically con 
nected to the Semiconductor region of the first conductivity 
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2 
type and the Semiconductor region of the Second conduc 
tivity type on the one end Side. The Second interconnection 
portion is electrically connected to the Semiconductor region 
of the first conductivity type on the other end side. The third 
interconnection portion is electrically connected to the Semi 
conductor region of the Second conductivity type on the 
other end Side. 
With Such a configuration, heat produced in the prescribed 

element in operation will be absorbed by the thermoelectric 
converting element formed on the main Surface of the 
Semiconductor Substrate and having the Semiconductor 
region of the first conductivity type, the Semiconductor 
region of the Second conductivity type and the first to third 
interconnection portions. Thus, the Semiconductor device 
can be easily cooled without externally providing additional 
cooling memberS Such as a fin or a fan, as in a conventional 
Semiconductor device. In addition, this thermoelectric con 
Verting element can be formed, without additional new 
Steps, simultaneously with the prescribed element. Thus, a 
Semiconductor device with high cooling effect can readily be 
obtained without increasing manufacturing cost. 

Specifically in the thermoelectric converting element, 
preferably, the Semiconductor region of the first conductivity 
type is formed Simultaneously with the impurity region of 
the first conductivity type; the Semiconductor region of the 
Second conductivity type is formed Simultaneously with the 
impurity region of the Second conductivity type, and the first 
interconnection portion, the Second interconnection portion 
and the third interconnection portion are formed Simulta 
neously with the conductive region. 

In addition, with respect to the thermoelectric converting 
element, a power Supply portion is preferably provided for 
providing a direct current from the Second interconnection 
portion through the Semiconductor region of the first con 
ductivity type, the first interconnection portion and the 
Semiconductor region of the Second conductivity type 
toward the third interconnection portion. 

Thus, heat produced in the prescribed region having the 
prescribed element formed therein will be dissipated by the 
thermoelectric converting element to the region producing 
Smaller amount of heat, and cooling of a heat producing 
portion in a Semiconductor device is achieved. 

Moreover, an electromotive force measuring portion con 
nected to the other end Side of the thermoelectric converting 
element, and a temperature control portion connected to the 
power Supply portion and controlling heat absorption by the 
thermoelectric converting element by adjusting a current 
provided to the thermoelectric converting element based on 
the electromotive force detected by the electromotive force 
measuring portion are preferably provided. 

Thus, the current provided to the thermoelectric convert 
ing element is adjusted in accordance with a temperature in 
the prescribed region, and more appropriate and efficient 
cooling can be achieved. 

Meanwhile, the electromotive force produced in the ther 
moelectric converting element by absorbing the heat is 
preferably used for driving other elements formed on the 
Semiconductor Substrate. 

In this case, heat produced in the prescribed region is 
converted to thermal electromotive force, to Suppress tem 
perature increase therein, and the heat producing portion in 
the Semiconductor device is cooled. In addition, using the 
electromotive force for driving other element can Save 
power consumption. 
The foregoing and other objects, features, aspects and 

advantages of the present invention will become more 
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apparent from the following detailed description of the 
present invention when taken in conjunction with the 
accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a perspective view of a Semiconductor device 
according to a first embodiment of the present invention. 

FIG. 2 is a Schematic diagram showing a structure of a 
thermoelectric converting element in the first embodiment. 

FIG. 3 is a partially enlarged perspective View showing a 
portion of the semiconductor device shown in FIG. 1, in the 
first embodiment. 

FIG. 4 is a cross-sectional view along the line IV-IV 
shown in FIG. 3, in the first embodiment. 

FIG. 5 is a cross-sectional view along the line V-V 
shown in FIG. 3, in the first embodiment. 

FIG. 6 is a cross-sectional view showing a step of a 
method of manufacturing the Semiconductor device, in the 
first embodiment. 

FIG. 7 is a cross-sectional view showing a step performed 
after the step shown in FIG. 6, in the first embodiment. 

FIG. 8 is a cross-sectional view showing a step performed 
after the step shown in FIG. 7, in the first embodiment. 

FIG. 9 is a cross-sectional view showing a step performed 
after the step shown in FIG. 8, in the first embodiment. 

FIG. 10 is a croSS-Sectional view showing a Step per 
formed after the step shown in FIG. 9, in the first embodi 
ment. 

FIG. 11 is a cross-sectional view showing a Step per 
formed after the step shown in FIG. 10, in the first embodi 
ment. 

FIG. 12 is a top view showing one example of an 
arrangement of contact holes on element forming region 
side, in the first embodiment. 

FIG. 13 is a partially enlarged perspective view showing 
a portion of a Semiconductor device according to a variation, 
in the first embodiment. 

FIG. 14 shows a flow of an operation of the semiconduc 
tor device according to the variation, in the first embodi 
ment. 

FIG. 15 is a partially enlarged perspective view showing 
a portion of a Semiconductor device according to a Second 
embodiment of the present invention. 

FIG. 16 is a Schematic diagram showing a structure of a 
thermoelectric converting element, in the Second embodi 
ment. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

(First Embodiment) 
A Semiconductor device according to a first embodiment 

of the present invention will be described. As shown in FIG. 
1, on a Surface of a semiconductor Substrate (a semiconduc 
tor chip) 1, a semiconductor element is formed, and an 
element forming region 4 producing relatively large amount 
of heat in operation and a region 6 producing relatively Small 
amount of heat are provided. In the Semiconductor device, a 
thermoelectric converting element (a Peltier element) 8 for 
dissipating heat produced in element forming region 4 to 
region 6 producing relatively Small amount of heat is 
provided. A power supply portion 10 is also provided for 
driving thermoelectric converting element 8. 
A basic configuration of Such thermoelectric converting 

element 8 will next be described. First, as shown in FIG. 2, 
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4 
in thermoelectric converting element 8, an N-type Semicon 
ductor region 13 and a P-type Semiconductor region 14 are 
respectively formed extending from element forming region 
4 to region 6 producing relatively Small amount of heat. A 
metal interconnection 12a is electrically connected to a 
portion of N-type Semiconductor region 13 and a portion of 
P-type Semiconductor region 14 respectively positioned in 
the vicinity of element forming region 4. 

Meanwhile, a metal interconnection 12b is electrically 
connected to a portion of N-type Semiconductor region 13 
positioned in the vicinity of region 6 producing relatively 
Small amount of heat, and a metal interconnection 12c is 
electrically connected to a portion of P-type Semiconductor 
region 14. Power supply portion 10 is a direct current power 
Supply, having a positive electrode Side connected to metal 
interconnection 12b and a negative electrode Side connected 
to metal interconnection 12c. 

Therefore, as indicated by an arrow, current flows from 
metal interconnection 12b through N-type Semiconductor 
region 13, metal interconnection 12a and P-type Semicon 
ductor region 14 toward metal interconnection 12c. 

Here, due to Peltier effect, a joint portion of N-type 
Semiconductor region 13 with metal interconnection 12a and 
a joint portion of P-type Semiconductor region 14 with metal 
interconnection 12a become a heat absorbing Side, to absorb 
heat. On the other hand, a joint portion of N-type Semicon 
ductor region 13 with metal interconnection 12b and a joint 
portion of P-type Semiconductor region 14 with metal inter 
connection 12c become a heat producing Side, to dissipate 
heat. 

In the Semiconductor device, the heat absorbing Side of 
thermoelectric converting element 8 is arranged in the 
vicinity of element forming region 4 producing relatively 
large amount of heat, and the heat producing Side is arranged 
in the vicinity of element forming region 6 producing 
relatively Small amount of heat. Accordingly, heat produced 
in element forming region 4 is absorbed in thermoelectric 
converting element 8, to be dissipated in region 6 producing 
relatively Small amount of heat, and thus cooling of heat 
producing portion in the Semiconductor device is achieved. 
Here, a distance between the heat absorbing Side and ele 
ment forming region 4 is preferably approximately Several 
tim to Several tens of lim. 
An example of a Specific Structure of thermoelectric 

converting element 8 will now be described. As shown in 
FIG. 3, on the surface of semiconductor Substrate 1, N-type 
Semiconductor region 13 and P-type Semiconductor region 
14 are respectively formed, extending from element forming 
region 4 to region 6 producing relatively Small amount of 
heat. In the vicinity of element forming region 4, metal 
interconnection 12a electrically connected to both N-type 
Semiconductor region 13 and P-type Semiconductor region 
14 is formed. 

In the vicinity of region 6 producing relatively Small 
amount of heat, metal interconnection 12b electrically con 
nected only to N-type Semiconductor region 13 is formed, 
and metal interconnection 12c electrically connected only to 
P-type Semiconductor region 14 is formed. 
A cross-sectional Structure of thermoelectric converting 

element 8 including a portion of element forming region 4, 
will also be described. First, in a portion of N-type semi 
conductor region 13 (a region A) in thermoelectric convert 
ing element 8 and in a portion of element forming region 4 
(a region B) (a line IV-IV), a prescribed element isolation 
film 16 is formed on the Surface of semiconductor Substrate 
1, as shown in FIG. 4. 
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In region A, N-type Semiconductor region 13 is formed on 
the Semiconductor Substrate 1, on which an interlayer insu 
lating film 20 is formed. In a portion of interlayer insulating 
film 20 positioned in the vicinity of element forming region 
4, a contact hole 21b exposing the Surface of N-type 
Semiconductor region 13 is formed. In a portion of interlayer 
insulating film 20 positioned in the vicinity of region 6 
producing relatively Small amount of heat, a contact hole 
21a exposing the Surface of N-type Semiconductor region 13 
is formed. 

Metal interconnections 12b, 12a made, for example, of 
aluminum are respectively formed on interlayer insulating 
film 20 so as to bury contact holes 21a, 21b. 

Meanwhile, in region B, a gate electrode 18 is formed on 
Semiconductor Substrate 1, with a gate insulating film 17 
interposed. N impurity regions 13a and n impurity regions 
13.b are formed on the Surface of the semiconductor Sub 
Strate positioned respectively on one Side Surface Side and 
the other Side Surface Side of gate electrode 18, with gate 
electrode 18 lying therebetween. On both side surfaces of 
gate electrode 18, Sidewall insulating films 19 are respec 
tively formed. 
An n-channel type MOS transistor T1 is constituted with 

gate electrode 18 and respective pairs of n impurity regions 
13a and n impurity regions 13b. Interlayer insulating film 
20 is formed so as to cover transistor T1. 

In interlayer insulating film 20, contact holes 21c, 21e 
exposing the Surface of n impurity regions 13b are formed, 
and a contact hole 21d exposing the Surface of gate electrode 
18 is formed. 

Metal interconnections 12d-12f made, for example, of 
aluminum are respectively formed on interlayer insulating 
film 20 so as to bury contact holes 21c-21e. In FIG. 3, 
transistor T1 in particular is not shown in element forming 
region 4 for the Sake of Simplicity. 

Here, N-type Semiconductor region 13 in thermoelectric 
converting element 8 is formed simultaneously with n 
impurity regions 13a and n' impurity regions 13.b of tran 
sistor T1. In addition, metal interconnections 12b, 12a in 
thermoelectric converting element 8 are formed Simulta 
neously with metal interconnections 12d-12e electrically 
connected to transistor T1. 

Next, as shown in FIG. 5, in a portion of P-type semi 
conductor region 14 (a region C) in thermoelectric convert 
ing element 8 and in a portion of element forming region 4 
(a region D) (line V-V), in region C, P-type semiconductor 
region 14 is formed on the Surface of Semiconductor Sub 
strate 1, on which interlayer insulating film 20 is formed. In 
a portion of interlayer insulating film 20 positioned in the 
vicinity of element forming region 4, a contact hole 21g 
exposing the Surface of P-type Semiconductor region 14 is 
formed. In a portion of interlayer insulating film 20 posi 
tioned in the vicinity of region 6 producing relatively Small 
amount of heat, a contact hole 21f exposing the Surface of 
P-type Semiconductor region 14 is formed. 

Metal interconnections 12c, 12a made, for example, of 
aluminum are respectively formed on interlayer insulating 
film 20 so as to bury contact holes 21f, 21g. 

Meanwhile, in region D, gate electrode 18 is formed on 
Semiconductor Substrate 1, with gate insulating film 17 
interposed. P impurity regions 14a and p" impurity regions 
14b are formed on the Surface of the semiconductor Sub 
Strate positioned respectively on one Side Surface Side and 
the other Side Surface Side of gate electrode 18, with gate 
electrode 18 lying therebetween. On both side surfaces of 
gate electrode 18, Sidewall insulating films 19 are respec 
tively formed. 
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6 
A p-channel type MOS transistor T2 is constituted with 

gate electrode 18 and respective pairs of p impurity regions 
14a and p" impurity regions 14b. Interlayer insulating film 
20 is formed so as to cover transistor T2. 

In interlayer insulating film 20, contact holes 21h, 21j 
exposing the Surface of p' impurity regions 14b are formed, 
and a contact hole 21i exposing the Surface of gate electrode 
18 is formed. 

Metal interconnections 12g-12i made, for example, of 
aluminum are respectively formed on interlayer insulating 
film 20 so as to bury contact holes 21h-21j. In FIG. 3, 
transistor T2 in particular is not shown in element forming 
region 4 for the Sake of Simplicity. 

Here, P-type Semiconductor region 14 in thermoelectric 
converting element 8 is formed simultaneously with p 
impurity regions 14a and p" impurity regions 14b of tran 
Sistor T2. In addition, metal interconnections 12c, 12a in 
thermoelectric converting element 8 are formed Simulta 
neously with metal interconnections 12g-12i electrically 
connected to transistor T2. Metal interconnections 12g-12i 
are formed Simultaneously with metal interconnections 
12d-12e electrically connected to transistor T1. 
A manufacturing method of the Semiconductor device 

described above is as follows. Since an only difference 
between the cross-sectional structures shown in FIGS. 4 and 
5 is a conductivity type of impurity regions as described 
above, the manufacturing method related to the croSS 
Sectional Structure in FIG. 4 will be discussed, not repeating 
for FIG. 5. 

First, as shown in FIG. 6, a prescribed element isolation 
film 16 for providing an element forming region is formed 
on a main Surface of a Semiconductor Substrate 1. Next, as 
shown in FIG. 7, a gate electrode 18 is formed on the surface 
of Semiconductor Substrate 1, positioned in region B, with a 
gate insulating film 17 interposed. Thereafter, as shown in 
FIG. 8, using gate electrode 17 as a mask, an n-type impurity 
is injected to form an in impurity region 13a. 

Simultaneously, in region A, the n-type impurity is 
injected also to a region to be an N-type Semiconductor 
region in a thermoelectric converting element. Thereafter, 
sidewall insulating films 19 are formed on both side surfaces 
of gate electrode 18. Using those Sidewall insulating films 
and gate electrode 18 as a mask, the n-type impurity is 
injected to form an in impurity region 13b. 

Simultaneously, in region A, the n-type impurity is 
injected also to a region to be the N-type Semiconductor 
region in the thermoelectric converting element. Thus, in 
region B, an n-channel type MOS transistor T1 including 
gate electrode 18, n impurity region 13a and n impurity 
region 13b is formed. 

Meanwhile, in region A, N-type Semiconductor region 13 
in the thermoelectric converting element is formed. A P-type 
Semiconductor region in the thermoelectric converting ele 
ment is formed Simultaneously with p impurity region 14a 
and p" impurity region 14b in a p-channel type MOS 
transistor in a similar manner. 

Next, as shown in FIG. 9, an interlayer insulating film 20 
Such as a Silicon oxide film is formed So as to cover gate 
electrode 18. As shown in FIG. 10, using a prescribed 
photoresist (not shown) formed on interlayer insulating film 
20 as a mask, interlayer insulating film 20 is anisotropically 
etched, to form contact holes 21c, 21e exposing the Surface 
of n impurity regions 13b and a contact hole 21d exposing 
the Surface of gate electrode 18 respectively in region B. 

In region A, a contact hole 21a is formed, exposing a 
portion of N-type Semiconductor region 13, in a portion of 
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interlayer insulating film 20 positioned in the vicinity of 
region 6 producing relatively Small amount of heat, and a 
contact hole 21b is formed, exposing a portion of N-type 
Semiconductor region 13 in a portion of interlayer insulating 
film 20 positioned in the vicinity of element forming region 
4. 

Next, as shown in FIG. 11, a metal film 12 made, for 
example, of aluminum is formed on interlayer insulating 
film 20 so as to bury contact holes 21a-21e. On metal film 
12, a prescribed photoresist pattern (not shown) is formed. 
Using the photoresist pattern as a mask, metal film 12 is 
anisotropically etched to form prescribed metal interconnec 
tions 12a-12e, as shown in FIG. 4. Thus, a main portion of 
a Semiconductor device having thermoelectric converting 
element 8 is completed. 
AS described above, in the Semiconductor device, ther 

moelectric converting element 8 includes N-type Semicon 
ductor region 13, P-type Semiconductor region 14 and metal 
interconnections 12a-12c. N-type Semiconductor region 13 
is formed simultaneously with n impurity region 13a and n' 
impurity region 13b of n-channel type MOS transistor T1 in 
element forming region 4. 

In addition, P-type Semiconductor region 14 is formed 
Simultaneously with p impurity region 14a and p" impurity 
region 14b of p-channel type MOS transistor T2 in element 
forming region 4. 

Metal interconnections 12a-12c are formed simulta 
neously with metal interconnections 12d-12i electrically 
connected to n-channel type MOS transistor T1 and 
p-channel type MOS transistor T2. 

Thus, thermoelectric converting element 8 is formed 
simultaneously with MOS transistors T1, T2 in element 
forming region 4, without adding new steps. As a result, a 
Semiconductor device with high cooling effect can be manu 
factured without increasing manufacturing cost. 

In addition, compared with a conventional Semiconductor 
device, additional memberS Such as a fin or a fan need not 
be provided. Therefore, the present invention can contribute 
to implement a Semiconductor device of higher integration 
and higher density as well as electric appliances of Smaller 
Size incorporating Such a Semiconductor device. 

Here, as shown in FIG. 12, contact holes 21b, 21g formed 
in a portion of interlayer insulating film 20 positioned at 
least in the vicinity of element forming region 6 are provided 
in a plurality of numbers respectively. Accordingly, contact 
Surface area of metal interconnection 12a with N-type 
Semiconductor region 13 and P-type Semiconductor region is 
enlarged, to allow effective absorption of heat produced in 
element forming region 4. Such a plurality of contact holes 
can be provided in the vicinity of the region producing 
relatively Small amount of heat, to dissipate heat efficiently. 
A Semiconductor device according to a variation will now 

be described. As shown in FIG. 13, a semiconductor device 
according to a variation is provided with an electromotive 
force measuring circuit portion 24 measuring an electromo 
tive force produced in a thermoelectric converting element 
8. A temperature control portion 23 is provided, controlling 
heat absorption and dissipation by thermoelectric converting 
element 8 by adjusting current provided to thermoelectric 
converting element 8 based on the electromotive force 
detected by electromotive force measuring circuit portion 
24. 
An operation of the Semiconductor device will now be 

described. As shown in FIG. 14, in an element forming 
region 4 having Semiconductor elements T1, T2 formed 
therein, heat is produced (S2) through an operation of the 
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8 
Semiconductor device (S1). Because of the produced heat, 
thermal electromotive force is created between a metal 
interconnection 12b and a metal interconnection 12c posi 
tioned in the vicinity of a region 6 producing relatively Small 
amount of heat. Electromotive force measuring circuit por 
tion 24 measures the thermal electromotive force, to find 
temperature difference between element forming region 4 
and region 6 producing relatively Small amount of heat (S3). 

Temperature control portion 23 determines whether the 
temperature difference is larger or Smaller than a prescribed 
temperature difference. If the temperature difference is 
determined to be larger than the prescribed temperature 
difference, an instruction to turn on power Supply to ther 
moelectric converting element 8 will be output to power 
supply portion 10 (S5). Thus, element forming region 4 
having the semiconductor element formed therein will be 
cooled (S6). 
On the other hand, if the temperature difference is deter 

mined to be Smaller than the prescribed temperature 
difference, an instruction to turn off power Supply to ther 
moelectric converting element 8 will be output to power 
supply portion 10 (S7). Thus, cooling is not effected by 
thermoelectric converting element 8, and power consump 
tion will be saved (S8). 
AS described above, a Semiconductor device according to 

the variation, while Saving power consumption, can effi 
ciently cool a heat producing portion therein by turning on 
or off power supply portion 10 having electromotive force 
measuring circuit portion 24 and temperature control portion 
23, and driving thermoelectric converting element 8 based 
on the temperature difference. 

(Second Embodiment) 
In a semiconductor device described in the first 

embodiment, heat produced in a Semiconductor element is 
absorbed by a thermoelectric converting element, to be 
dissipated to a region producing relatively Small amount of 
heat, and thus cooling is achieved. In a Second embodiment, 
a semiconductor device will be described, in which heat 
produced in the Semiconductor element is converted to 
electric energy (thermal electromotive force) by a thermo 
electric converting element to Suppress temperature increase 
therein. 
A basic configuration of a thermoelectric converting ele 

ment in the Semiconductor device is similar to that of the 
first embodiment, except for the absence of a power Supply 
portion. Therefore, as shown in FIG. 15, in thermoelectric 
converting element 8, a metal interconnection 12a is elec 
trically connected to a portion of an N-type Semiconductor 
region 13 and a portion of a P-type Semiconductor region 14 
respectively positioned in the vicinity of an element forming 
region 4. 

Meanwhile, a metal interconnection 12b is connected to a 
portion of N-type Semiconductor region 13 positioned in the 
vicinity of a region 6 producing relatively Small amount of 
heat, and a metal interconnection 12c is connected to a 
portion of P-type Semiconductor region 14. Those metal 
interconnections 12b, 12c are electrically connected to a 
power Supply portion 25 for another element for driving 
other element 26 formed on the same Semiconductor Sub 
Strate 1. 
AS described above, the Semiconductor device is of a 

Similar configuration as in the first embodiment, except for 
the absence of the power Supply portion. Therefore, the 
Semiconductor device can be formed through Substantially 
the same Steps as in the manufacturing method in the first 
embodiment. 
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According to this Semiconductor device, as Schematically 
shown in FIG. 16, a joint portion of metal interconnection 
12a with N-type Semiconductor region 13 and a joint portion 
of metal interconnection 12a with P-type Semiconductor 
region 14 (a joint portion A) are arranged in the vicinity of 
element forming region 4 producing relatively large amount 
of heat. On the other hand, a joint portion of metal inter 
connection 12b with N-type semiconductor region 13 and a 
portion of metal interconnection 12c with P-type Semicon 
ductor region 14 (a joint portion B) are arranged in the 
vicinity of region 6 producing relatively Small amount of 
heat. Accordingly, in operation of the Semiconductor device, 
as temperature of the joint portion A is raised and that of the 
joint portion B is lowered, thermal electromotive force 
results between metal interconnection 12b and metal inter 
connection 12c. 

The thermal electromotive force is provided to power 
Supply portion 25 for driving other Semiconductor elements 
formed on Semiconductor Substrate 1, to be consumed for 
driving other elements 26. 

Therefore, heat produced in element forming region 6 is 
first converted into thermal electromotive force by thermo 
electric converting element 8, and thus temperature increase 
in element forming region 6 can be Suppressed. 

In addition, using produced thermal electromotive force 
for driving other element will Save power consumption in 
the entire Semiconductor device. 

Furthermore, Such thermoelectric converting element 8 
can be formed simultaneously with the step of forming MOS 
transistors T1, T2 in element forming region 6 without any 
additional new steps. Consequently, a semiconductor device 
with high cooling effect can be manufactured without 
increasing manufacturing cost. 

Such a MOS transistor tends to readily produce heat due 
to requirements for Smaller size (gate length: from approxi 
mately 0.01 um to 0.20 um) and high-speed operation. The 
transistor can, however, be effectively cooled by thermo 
electric converting element 8. 
Though a MOS transistor is provided as an example for an 

element, a Semiconductor device having an element includ 
ing regions of respective conductivity types, that is, P-type 
and N-type, and a conductive region connected to Such an 
element, could easily form a thermoelectric converting ele 
ment Simultaneously with Such regions of each conductivity 
type and the conductive region, without adding new steps. 

Although the present invention has been described and 
illustrated in detail, it is clearly understood that the same is 
by way of illustration and example only and is not to be 
taken by way of limitation, the Spirit and Scope of the present 
invention being limited only by the terms of the appended 
claims. 
What is claimed is: 
1. A Semiconductor device, comprising: 

a prescribed element formed in a prescribed region on a 
main Surface of a Semiconductor Substrate and including 
an impurity region of a first conductivity type and an 
impurity region of a Second conductivity type; 

conductive regions electrically connected to Said prescribed 
element; and 

a thermoelectric converting element formed on the main 
Surface of Said Semiconductor Substrate, having one end 
Side arranged in the vicinity of Said prescribed region to 
absorb heat produced in operation of Said prescribed 
element and having the other end Side arranged in a region 
producing Smaller amount of heat among regions of Said 
Semiconductor Substrate; 
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10 
an interlayer insulating film formed on Said Semiconductor 

Substrate So as to cover Said prescribed element and Said 
thermoelectric converting element; 

a plurality of first contact holes formed in a portion of Said 
interlayer insulating film positioned on Said one end Side 
and exposing a Surface of Said Semiconductor region of 
the first conductivity type respectively; and 

a plurality of Second contact holes formed in a portion of 
Said interlayer insulating film positioned on Said one end 
Side and exposing a Surface of Said Semiconductor region 
of the Second conductivity type respectively; wherein 
Said first interconnection portion is electrically connected 

to Said Semiconductor region of the first conductivity 
type and Said Semiconductor region of the Second 
conductivity type through Said plurality of first contact 
holes and Said plurality of Second contact holes, and 
wherein 
Said thermoelectric converting element includes: 

a Semiconductor region of a first conductivity type 
and a Semiconductor region of a Second conduc 
tivity type respectively formed on the main Sur 
face of Said Semiconductor Substrate, extending 
from the vicinity of Said prescribed region to Said 
region producing Smaller amount of heat, each of 
the Semiconductor region of a first conductivity 
type and the Semiconductor region of a Second 
conductivity type having an impurity density and 
depth the same as those in the impurity regions of 
the first and Second conductivity types, 
respectively, in the prescribed element; 

a first interconnection portion electrically connected 
to Said Semiconductor region of the first conduc 
tivity type and Said Semiconductor region of the 
Second conductivity type on Said one end Side, 

a Second interconnection portion electrically con 
nected to Said Semiconductor region of the first 
conductivity type on Said the other end Side; 

a third interconnection portion electrically connected 
to Said Semiconductor region of the Second con 
ductivity type on Said the other end Side; 

the first, Second and third interconnection portions in 
the thermoelectric converting element are formed 
with a layer the same as a conductive region 
electrically connected to the element; and 

the thermoelectric converting element and the pre 
Scribed element are formed on the identical Sub 
Strate; and wherein 
Said prescribed element includes: 

a first transistor including a pair of Said impu 
rity regions of the first conductivity type and a 
first electrode portion; and 
a Second transistor including a pair of Said 
impurity regions of the Second conductivity 
type and a Second electrode portion. 

2. The Semiconductor device according to claim 1, 
wherein 

in Said thermoelectric converting element, 
Said Semiconductor region of the first conductivity type is 

formed Simultaneously with Said impurity region of the 
first conductivity type, 

Said Semiconductor region of the Second conductivity type 
is formed Simultaneously with Said impurity region of 
the Second conductivity type, and 
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Said first interconnection portion, Said Second intercon 
nection portion and Said third interconnection portion 
are formed Simultaneously with Said conductive 
regions. 

3. The Semiconductor device according to claim 2, 
wherein 

Said prescribed element includes 
a first transistor including a pair of Said impurity 

regions of the first conductivity type and a first 
electrode portion, and 

a Second transistor including a pair of Said impurity 
regions of the Second conductivity type and a Second 
electrode portion. 

4. The Semiconductor device according to claim 1, further 
comprising 

a power Supply portion providing a direct current from 
Said Second interconnection portion through Said Semi 
conductor region of the first conductivity type, the first 
interconnection portion and Said Semiconductor region 
of the second conductivity type toward said third 
interconnection portion, with respect to Said thermo 
electric converting element. 
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5. The Semiconductor device according to her comprising: 
an electromotive force measuring portion connected to 

Said the other end Side of Said thermoelectric convert 
ing element; and 

a temperature control portion connected to Said power 
Supply potion and controlling heat absorption by Said 
thermoelectric converting element by adjusting the 
current provided to Said thermoelectric converting ele 
ment based on electromotive force detected by Said 
electromotive force measuring portion. 

6. The Semiconductor device according to claim 1, further 
comprising: 

another element in addition to Said prescribed element; 
and 

a power Supply portion for driving Said another element; 
and wherein 
electromotive force produced in Said thermoelectric 

converting element by absorbing Said heat is pro 
Vided to Said power Supply portion to be used for 
driving Said another element. 


